Hepatocellular carcinoma (HCC) is one of the most common gastrointestinal malignancies worldwide and the second leading cause of cancer death of males in China after lung cancer.[@bib1] According to the report of GLOBOCAN\'s analysis on global incidence and mortality of liver cancer in 2015, there are about 841,000 new cases and 782,000 deaths worldwide.[@bib2] The number of new cases of liver cancer was 466,100 and the death toll was 422,100 in China during the same period, according to Chen et al and Zheng et al.[@bib1]^,^[@bib3] In fact, over the past three decades, China alone contributed more than half of new cases and deaths of liver cancer worldwide.[@bib1], [@bib2], [@bib3] Zheng et al recently predicted that the incidence and mortality of liver cancer in China will decline by 2030, due to national wide vaccination plan of hepatitis B vaccine enacted some thirty years ago in general population, and newborns in particular.[@bib4] With the development of early detection, molecular classification, immunotherapy, molecular targeting therapy and minimally invasive surgical technology in recent years, the overall prognosis of patients with liver cancer has improved.[@bib5], [@bib6], [@bib7], [@bib8], [@bib9], [@bib10], [@bib11], [@bib12] For patients with early radical resection or liver transplantation, the 5-year survival rate reached 75% or above[@bib10], [@bib11], [@bib12]; but generally, the 5-year Overall Survival (OS) of HCC remained below 17%, and the 5-year Survival rate of HCC patients with distant metastases did not exceed 3% ([Fig. 1](#fig1){ref-type="fig"}).[@bib1], [@bib2], [@bib3]Figure 1Liver cancer incidence, mortality and 5-year overall survival.Fig. 1

The causes of poor prognosis of HCC are mainly due to the high intra-neoplastic heterogeneity and chemo-radio-resistance nature of liver cancer, in addition to difficulties in early diagnosis, rapid disease progression, and lack of effective target-specific drugs.[@bib8]^,^[@bib9] Liver is the largest metabolic and detoxification organ in the body, and hepatocytes are in general tolerant to ionizing radiation and chemotherapy.[@bib13] These tissue specificities greatly affect the overall therapeutic outcomes of patients with liver cancer. Clinically, less than 20% of patients with early liver cancer could have an opportunity for radical surgery. Most patients are at the advanced stage of the disease at the diagnosis, thus they have lost the chance of surgical resection.[@bib6]^,^[@bib8], [@bib9], [@bib10], [@bib11], [@bib12] Even within those HCC patients who received radical surgery or liver transplantation, and followed by postoperative Sorafinib adjuvant therapy, with or without radio- and chemo-therapy, the cumulative recurrence and metastasis rate within 5 years is still around 80%--100%.[@bib6]^,^[@bib10], [@bib11], [@bib12], [@bib13], [@bib14]

Therefore, the clinical treatment of patients with advanced liver cancer is still a big challenge, and new treatment modalities are still either in the pre-clinical development or undergoing early clinical trials ([Fig. 2](#fig2){ref-type="fig"}).[@bib6] At present, Sorafinib is still the only first-line molecular-targeting drug for the treatment of patients with advanced liver cancer.[@bib6]^,^[@bib15]^,^[@bib16] The effectiveness of treatment is only to prolong the median survival of patients for 2.8 months (median survival of the treatment group was 10.7 months, while the placebo control group was 7.9 months) in Europe, and only 2.2 months (treatment group 6.5 months, control group 4.3 months) in Asia.[@bib15]^,^[@bib16] Due to the accompanied cirrhosis, patients with advanced HCC are in general not tolerant to traditional radiotherapy and chemotherapy, and the overall effective response rate is only 10--20%.[@bib12]^,^[@bib13] Therefore, the US FDA has not approved any first-line chemotherapeutic agent for advanced liver cancer.[@bib7]^,^[@bib13] Obviously, substantial breakthrough for the treatment of patients with advanced liver cancer is anticipated, but unrealistic within a foreseeable period of time. Thus, how to utilize the existing technology to develop effective measures and strategies for prevention and control of liver cancer is urgently needed for patients in the clinic.Figure 2Liver Cancer Therapeutics: Current Status and Ongoing Development. Notes: The illustration demonstrates strategies for prevention and treatment of liver cancer, including: (1) HBV- or HCV- (if available in the future) based prophylaxis vaccination for the prevention of liver cancer; (2) Various forms of tumor associated antigen or specific neoantigen based vaccinations (such as DNA vaccine, peptide vaccine, dendritic cell (DC)- or tumor cell-based vaccines) with or without combination with immune checkpoint inhibitors; (3) Specific neutralizing antibodies or soluble receptor or antagonizing ligand mediated elimination of immunosuppressive cytokines; (4) Loco-regional treatment of tumors in the liver, including surgical resection, radiofrequency ablation (RFA) or high intensity focused ultrasound (Hifu), systemic or loco-regional chemo-radiotherapy, molecular-targeted therapy (MTT), trans-arterial catheter embolization (TACE) or liver transplantation; (5) Adoptive immunotherapy, including natural killers (NK), natural killer T (NKT) cells, LAK (Lymphokine-activated killer cells), cytokine-induced killer cells (CIK), or chimeric antigen receptor-modified T cells (CAR-T), CAR-NK or T cell receptor modified T cells (TCR-T); (6) Demonstrate a combination of various ways of locoregional therapy with adoptive immunotherapy for liver cancer. Additionally, chemokines, cytokines and interleukines may be used to modulate the innate immunity of the host, either alone or in combination with adoptive immunotherapy.Fig. 2

Causative factors associated with liver cancer vary between the more advanced western countries and developing or underdeveloped areas, such as South African or Far East and Southeast Asian states. In the developed western countries, non-alcoholic steatohepatitis (NASH) and non-alcoholic fatty liver diseases (NAFLD), occurring in the presence of obesity, diabetes and metabolic syndrome, become leading risk factors associated with liver cancer, even in the absence of cirrhosis. Accordingly, incidence of NASH and NAFLD, in parallel with overweight and obesity in both children and adults, are increasing in China, due in part to the changes in life styles and food intake in the past two decades or so.[@bib17], [@bib18], [@bib19], [@bib20], [@bib21], [@bib22], [@bib23], [@bib24] According to the report by Wang et al, there are about 300 million people suffering from liver diseases in China alone.[@bib17] Each year, about 1.2 million people worldwide die from chronic HBV infection--associated complications, such as liver cirrhosis and liver cancer.[@bib17] In China, there are more than 93 million hepatitis B surface antigen (HBsAg) positive carriers and 20 million of them are patients with active chronic HBV infection who need anti-viral therapy, based on a nationwide sero-epidemiological survey performed in 2006.[@bib17] Recent report by Yang et al[@bib25] demonstrates that more than 87.5% of patients with HCC in eastern region of China are positive for HBV DNA and are likely developed on the chronic hepatitis B viral infection background. In contrast, less than ∼5% patients with liver cancer in China are positive for HCV that can also cause malignant transformation of hepatocytes.[@bib17]^,^[@bib25] Therefore, the successful prevention of malignant transformation in HBV carriers from chronic inflammation would be the most effective way to prevent the development of HCC in China. And, prevention is and should always be more important than treatment in the control of liver cancer.

The current methods to counter the malignant transformation from benign chronic inflammation induced by HBV are mainly focused on the prevention of HBV infection and management of chronic hepatitis via anti-viral therapy after infection.[@bib26], [@bib27], [@bib28] Clinical epidemiological data indicate that the immune state of the HBV infected host itself is the key in determining whether the host will manifest a controllable inflammation or a chronic uncontrolled one.[@bib29], [@bib30], [@bib31], [@bib32], [@bib33] Theoretically, clinical application of immune-regulatory or immune-modulation therapy, such as the use of interferon to modulate the inflammatory process in patients with HBV infection, should be an effective approach to control the viral infection. Unfortunately, the side effects of interferon are so severe that only a small percentage of patients (10% or less) can tolerate the toxicity of IFN therapy and eventually less than 6% of those patients who had tolerated the IFN toxicity reached a clinical cure as determined by the disappearance of HBsAg.[@bib34] Over the past decade or so, due to the development of nucleos(t)ide analogue (NA) anti-viral drugs, especially new generation of NAs, such as Telbivudine or Tenofovir, application of NAs in clinic have been very effective in controlling HBV replication in HBV-infected hosts.[@bib26], [@bib27], [@bib28]^,^[@bib34]^,^[@bib35] However, the long-term outcome from clinical follow-up on NAs alone therapy or various combinations of NAs with IFN in controlling disease progression is controversial and far from satisfactory [@bib36], [@bib37], [@bib38], [@bib39], [@bib40], [@bib41], [@bib42] ([Fig. 3](#fig3){ref-type="fig"}).Figure 3Global Mortality and Incidence of HBV-Related Liver Cirrhosis and Cancer Notes: The bar graphic data presented here are a comparison of HBV infected population who had received no anti-viral treatment before 1990 versus those when anti-viral drugs, such as interferon and nucleos(t)ide analogues, are available after 1990 and up until 2013, worldwide.Fig. 3

On the one hand, application of NAs had successfully achieved sero-conversion in certain patients with chronic hepatitis B infection, but when compared to those failed to achieve sero-conversion, clinical follow-up found that there was no significant difference in the prevention of chronic viral infection-associated complications, such as liver cirrhosis and liver cancer.[@bib36], [@bib37], [@bib38], [@bib39], [@bib40], [@bib41], [@bib42] In addition, for NA-based therapy, there was still a risk of viral mutation, leading to drug resistance. On the other hand, even the new generation of NAs (such as Tenofovir) needs to be taken for a long period of time (or even for a life time), and patients who have undergone clinical conversion remain at risk of recurrence after discontinuation of NAs.[@bib42]^,^[@bib43] The major reason for that is none of these NA agents could be able to directly eliminate the viral replication template, HBV cccDNA.[@bib44]^,^[@bib45] More importantly, for those who had received either interferon and/or NAs agents, both the incidence and mortality of HBV virus infection-related complications, such as cirrhosis and liver cancer, have increased, rather than decreased, according to a global meg-data analysis of clinical patients with hepatitis, when compared with patients who did not receive any antiviral therapy before 1990.[@bib26]^,^[@bib42]^,^[@bib46] This line of evidence is counter-intuitive and opposed to the expected outcome of our national mid-to-long term development plan that had been implemented in China around 2007 and up to now, aimed at controlling infectious diseases, such as hepatitis, and reducing both the incidence and mortality of the viral infection - associated complications, such as cirrhosis and liver cancer.[@bib17]^,^[@bib47] Each year, an estimated 263,000 persons in China die from HBV-related liver cancer or cirrhosis, accounting for ∼50% of HBV-related deaths worldwide.[@bib17]^,^[@bib47] Based on the aforementioned clinic mega-data analysis [@bib26]^,^[@bib42]^,^[@bib46] and outcomes from current anti-viral therapies,[@bib28]^,^[@bib40], [@bib41], [@bib42], [@bib43], [@bib44], [@bib45] I personally believe that, in order to achieve our goal of reducing both the incidence and mortality of viral-infection associated liver cirrhosis and liver cancer, our current anti-viral approaches and strategies are in need to be revisited. In terms of specifically blockade of the malignant transformation of chronic hepatitis B infection to HCC, the current existing anti-viral approaches are not as effective as they assumed, and thus, innovative ideas and novel strategies must be developed to circumvent the hurdles associated with current anti-viral therapy. Thereof, listed below are the three major obstacles in my view that are currently encountered in controlling chronic hepatitis B associated liver cirrhosis and malignant transformation.

Firstly, in the management of chronic hepatitis B, the current antiviral treatment strategy may not be in the right direction. Direct antiviral agents (DAA) are potent and successful in treatment of patients with HCV infection, more than 95% patients with HCV infection can get cured within 3--6 months, and in the long run, reduction of HCV associated mortality and incidence of cirrhosis and liver cancer is optimistically anticipated and will be informed by the results from future long-term follow-up of patients treated with DAA.[@bib48] As in the management of chronic hepatitis B, according to the existing therapeutic regimens with interferon or NAs, no matter it is used alone or in combination of different NAs or NAs with IFN, the rate of achieved clinic cure as determined by HBsAg disappearance, is no more than 10%,[@bib36], [@bib37], [@bib38], [@bib39], [@bib40], [@bib41], [@bib42] indicating that close to 90% of patients currently receiving anti-viral therapies failed to achieve clinical cure, not to mention complete cure, which means a clearance of viral replication template cccDNA in HBV infected hepatocytes.[@bib43], [@bib44], [@bib45] Moreover, some patients achieved HBsAg loss still has a risk of HBsAg re-conversion and viral reactivation.[@bib43] In addition, severe hepatotoxicity and nephrotoxicity of NAs and the systemic toxicity of interferon in a way may accelerate, instead of block or reduce the occurrence of liver cirrhosis.[@bib28]^,^[@bib37], [@bib38], [@bib39], [@bib40], [@bib41], [@bib42]^,^[@bib45]^,^[@bib46] According to the above clinic mage data,[@bib26]^,^[@bib42]^,^[@bib46] the increased incidence of liver cirrhosis in patients who had received anti-viral therapy might indirectly reflect its hepatotoxic problem in particular. Thus, the efficacy of current anti-viral agents needs to be revisited and the anti-viral strategy waits to be renovated.

Secondly, an appropriate humanized animal model that could recapitulate the pathophysiological processes, from natural HBV infection to chronic viral inflammation, then to malignant transformation, is lacking. Very recently, Li et al reported their efforts in the establishment of a humanized cirrhosis model with HBV infection in rodents.[@bib48] Based on their report, this humanized rodent model seems partially solved the problems with modelling chronic HBV infection induced cirrhosis, but it is still uncertain whether the humanized cirrhosis model can mimic chronic hepatitis B infection-associated malignant transformation. According to their observation, mice infected with HBV did not produce spontaneous hepatocellular carcinoma within 56 weeks after HBV infection. Thus, generation of a model system that could recapitulate the pathophysiological processes of human HBV infection is of paramount importance for the development of more effective and novel anti-viral agents that are able to eliminate the viral replication template cccDNA in HBV-infected hepatocytes.

Thirdly, the lack of antiviral drugs that can effectively and directly eliminate HBV cccDNA, the virus replication template, is another major obstacle we are confronted with.[@bib44]^,^[@bib45] Data from clinical follow-up of current antiviral treatment in patients with chronic hepatitis B virus infection clearly demonstrate that the persistence of the viral replication template, HBV cccDNA, may be the major cause that leads chronic viral infection to uncontrollable malignant transformation.[@bib28]^,^[@bib33] Although new drugs developed at Gilead are based on re-activation of the innate immunity via TLR7/9 receptor agonists, such as GS-9620, which may be able to remove cccDNA by eliminating viral infected hepatocytes,[@bib49], [@bib50], [@bib51], [@bib52] theoretically, these agents themselves cannot directly or specifically eliminate cccDNA. Mechanistically, excessive activation of the body\'s innate immunity might come at a risk of breaking the tightly regulated networks of innate immunity and triggering an overwhelming autoimmune reaction, such as that have been observed in the administration of immune checkpoint inhibitors in patients with cancer.[@bib51], [@bib52], [@bib53], [@bib54], [@bib55], [@bib56] Needless to say, whether the TLR7/9 receptor agonists are effective enough to specifically remove viral infected hepatocytes in HBV-infected patients is unclear. The termination of further clinical trials on TLR7/9 receptor agonists in HBV-infected patients by Gilead may be partially associated with the efficacy and toxicity of TLR7/9 receptor agonists ([www.clinictrials.gov](http://www.clinictrials.gov){#intref0010}).

In summary, to achieve the goal of effectively blocking the transition from chronic benign inflammation to malignant transformation in patients with chronic hepatitis B infection, the development of a drug that can directly remove or eliminate the cccDNA, the replication template of the hepatitis B virus, in addition to re-activate the host innate immunity against viral infection, is urgently needed, and it might be the only way toward a complete cure of chronic hepatitis B infection. Strategically, development of agents that could directly target the formation of HBV cccDNA will undoubtedly pave a way for the effective prevention of chronic hepatitis B infection-associated liver cancer.[@bib43]^,^[@bib44]^,^[@bib57]^,^[@bib58]

As a matter of fact, in the effort to prevent and control of liver cancer, China took the lead in the screening of liver cancer patients from the high-risk groups by a quantitative detection of serum alpha-fetoprotein (AFP) in the 1970s. From the field studies, pioneers in the Chinese Alliance for the Study of Liver Cancer had formulated the seven-word policy of "control drinking water, moldy food, and hepatitis" and widely implemented it in the endemic regions with high incidence of liver cancer, such as Qidong in Jiangsu Province.[@bib59] Particularly, in the mid-1980s to the early 1990s, the nationwide vaccination plan of hepatitis B vaccine in infants had laid the foundation for the prospected decline in the incidence and mortality of liver cancer in China around 2030.[@bib4] Given the fact that there are about 1.2 million people worldwide die annually from chronic HBV infection--associated complications as stated above,[@bib17] the major strategies for prevention of hepatitis B-related liver cancer in China, at the moment, should focus mainly on the following aspects, as my personal perspective:

The first approach is to strengthen the blockade of mother-to-infant transmission of Hepatitis B virus and boost vaccination for children aged 8--12 years.

The second is to effectively improve the clinical cure rate of chronic carriers of hepatitis B virus. Efficacy of the current existing antiviral drugs (either alone or a combination of NAs with different formulations of IFN) is limited in terms of achieving a clinic cure, even though these agents are potent in repression of viral replication. In addition, application of these drugs, either alone or in various ways of combinations, is not capable of drastically improving clinic cure rate for patients with chronic hepatitis B viral infection. Although the major aim for the clinical management of patients with hepatitis B is to recover the host innate immunity against virus, currently, the criteria of most, if not all, clinical guidelines for a "complete cure" of patients with hepatitis B is the clearance of the viral replication template cccDNA.[@bib34]^,^[@bib35]^,^[@bib43]^,^[@bib44] Unfortunately, it seems that we could never be able to meet the goal for a "complete cure" by the existing anti-viral agents or formulations, because none of them can directly repress the formation of cccDNA or effectively clear cccDNA from HBV-infected hepatocytes. Therefore, the development of new drugs that are able to effectively repress or block the synthesis or formation of cccDNA will not only become the ultimate solution to resolve the issues confronted with the management of patients with hepatitis B infection in the clinic, but also the most effective way and straightforward strategy in the prevention of liver cancer.

The third approach is early diagnosis and treatment of liver cancer, especially in the pre-clinical early-stage diagnosis. Recently, Wang and his co-workers have done some pioneering exploration in the detection of very early-stage HCC from at-risk populations, some 6--12 months earlier than that of current existing clinical diagnostic methodology could possibly achieve.[@bib9]^,^[@bib60] It is expected that implementation of this new diagnostic tool may lead to a better therapeutic outcome and a higher chance of cure for some of those patients with pre-clinic early-stage liver cancer. Meanwhile, the risk of over-diagnosis and over-treatment for those patients diagnosed in the pre-clinic early-stage is a major concern in the clinic and should be guarded against in the future practice.

The fourth strategy is early prediction, surveillance, and diagnosis of intrahepatic recurrence and distant metastasis in liver cancer patients after radical therapy, including hepatic resection and liver organ transplantation. In the past three decades or so, clinicians and scholars both at home and abroad have done a lot of relevant studies, from basic mechanistic research to the bedside clinic investigation on the prediction and management of post-operative intrahepatic recurrence and distant metastasis of primary liver cancer, but the outcome turns out to be that the overall 5-year survival rate has not been dramatically improved.[@bib1]^,^[@bib2]^,^[@bib5]^,^[@bib6] Up to now, intrahepatic recurrence and distant metastasis after radical therapy are still the major factors that contributed to the death of liver cancer patients. This is also one of the main reasons why we try to organize this special issue on primary liver cancer in the journal of *Genes & Diseases*. In addition, we choose to focus specifically on the obstacles and opportunities in the prevention and control of primary liver cancer. In this issue, authors will cover current status in clinical intervention and management of liver cancer from various angles. They may repeatedly touch on the major obstacles for a cure and counter-intuitive therapeutic outcomes in patients with advanced liver cancer, whether it is by surgical resection, or liver transplantation, or radiotherapy, or chemotherapy. As discussed in this issue, either surgery or chemo-radio-therapy sometimes may facilitate or promote, rather than prevent, intrahepatic recurrence and distant metastasis. Therefore, the future clinical management of advanced liver cancer should be focused on loco-regional control of tumors and minimally invasive surgery, rather than the conventional radical surgery or massive destructive chemo-radio-therapy aimed to eliminate all of the tumor cells. In addition, the purpose for multi-modality therapy for patients with advanced liver cancer should be deliberately focused on recovering the host anti-tumor immunity, improving, rewiring or re-formulating the altered metabolism in both the microenvironment of the tumor cells in the vicinity and the systematic macro-environment of the host body, so as to improve the life quality of patients, prolong overall survival, and eventually to achieve "a harmonious symbiosis" of the host with the tumor, which should be assumed as the ultimate goal of "cure" for patients with an advanced liver cancer.[@bib9]^,^[@bib60], [@bib61], [@bib62], [@bib63], [@bib64], [@bib65], [@bib66], [@bib67]

Last, but not the least, it is important to recognize that the liver is the largest regional and embryonic innate immune organ in the body. The immune response in the liver is dominated by a large number of innate immune cells enriched in the liver, such as Kupffer cells, NK, γδT and NKT cells.[@bib29]^,^[@bib30] The liver is in a state dominated by innate immunity. This state of innate immune dominance may also be the cellular basis for the formation of immune tolerance in the liver. As the most powerful immune-exempt organ in the body, the immune response inside the liver is usually induced by the induction of immune tolerance.[@bib29]^,^[@bib30] This may also explains why HBV infection tends to be a persistent process that can hardly be completely eliminated for a long time. The same mechanism is also applicable to the adaptation of engrafted liver by the host after orthotopic organ transplantation, which is the least to be rejected. Unlike most other organ transplantations, liver transplantation requires the minimum of histocompatibility matching, and once transplanted successfully, will also reduce the rejection of other organ transplants from the same donor, indicating that the liver can induce a systemic tolerance based on its in situ regional tolerance. Similarly, tumor development is also based on tumor-induced immunoediting, which causes tumor cells to escape the immune surveillance and thus avoid clearance by the host immune system.[@bib68] Therefore, if there was a way to break tumor-induced immune tolerance and simultaneously revitalize host anti-tumor specific immunity, such as the development and generation of a combined immunotherapy based on tumor-specific clonal neoantigen along with immune checkpoint inhibitors, it would be possible to achieve an individualized precision immunotherapy for patients with liver cancer.[@bib68], [@bib69], [@bib70], [@bib71], [@bib72], [@bib73], [@bib74], [@bib75]

In conclusion, innovative technology and novel therapeutic strategies are urgently needed in order to control the progression of the diseases for patients with advanced liver cancer, and the ultimate therapeutic goals are to improve the quality of life and to prolong their overall survival time.
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